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By S. Kjelstrup, D. Bedeaux, E. Johannessen and J. Gross

Peter Ván

Understanding and modeling transport processes are essential in several
branches of engineering. One may think that the previous statement is triv-
ial and well-known. Is it really? This is the question that one can ask
reading the handy book of S. Kjelstrup, D. Bedeaux, E. Johannessen, and J.
Gross. How deep should we go in our understanding? What are the theories
– the models – and what is the price of an improvement? A scientist aims to
understand the problems but an engineer must ultimately solve them, and
possibly fast. These are two different, not necessarily compatible, attitudes
and the book makes one think over the differences and similarities.

1 Structure and content

The structure of the book shows a kind of transition from a textbook to a
monograph. There is a long pedagogical introduction and there are detailed
examples, but in the final chapters where the most involved and complex
examples are shown the style changes and there are fewer examples and
more references to articles.

The book is divided into ten chapters and an appendix. Each chapter
contains a short abstract and also a brief conclusion at the end. Both are a
good help for fast and not too systematic readers. Several detailed calcu-
lation examples help those who are interested in the details. The authors
made efforts to help and motivate the mathematically less educated read-
ers, too. Basic calculus is enough to follow most of the calculations; some
more complicated (or boring) details are moved to the appendix.

The first chapter provides a motivation and a historical overview. This
overview focuses on efforts where classical irreversible thermodynamics is
used in engineering.
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The second chapter demonstrates the modeling power and advantages
of non-equilibrium thermodynamics when contrasted with more traditional
and simplified approaches to transport. The theory of non-equilibrium
thermodynamics gives an accurate description and systematic basis of cou-
pled transport processes, a way to check the consistency of the models, and
a theoretical basis to define experiments. Moreover, it quantifies and unifies
the different efficiency concepts (produced entropy, lost work, lost energy)
and can be used for optimization purposes.

The third chapter derives the entropy production in a homogeneous phase
where diffusion, electric conduction, and chemical reactions are present, in
the case of mechanical equilibrium. In order to simplify the treatments, a
single space dimension is considered; the complete derivation with three
space dimensions is pushed into the appendix.

The fourth chapter introduces the classical solution of the entropy in-
equality, the linear flux force relations, together with the reciprocal rela-
tions of Onsager. The specific cases of transport of heat and mass of heat
and charge, and of mass and charge are treated in more detail via several
instructive examples.

The fifth chapter treats non-isothermal multicomponent diffusion. Em-
phasis is given to the differences between the equations in different refer-
ence frames.

In the sixth chapter, mechanical, chemical, and thermal interactions are
treated together. Here the mechanical part is reduced to shear flow, and
one cannot avoid vectors and tensors any more. Stationary pipe flow is
investigated in detail.

The seventh chapter deals with chemical reactions. It is shown how mass
action kinetics is embedded in a thermodynamic framework.

In the subsequent chapters, particular engineering/industrial examples
are calculated in detail. Chapter 8 calculates the thermodynamic efficiency
of aluminum electrolysis. Chapter 9 introduces entropy production opti-
mization in the example of ideal gas expansion and after that the authors
calculate optimal process conditions for a heat exchanger. Chapter 10 starts
with the investigation of a plug flow reactor and finishes with a short treat-
ment of distillation column optimization.

2 Science and engineering

As I have mentioned in the introduction, this handy book is a mind-pro-
voking experiment in itself, a result of a research strategy that aims to
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connect scientific and engineering worlds. Engineering design requires
careful estimation of all necessary parameters and properties of a system.
Many times a lack of understanding is well hidden behind empirical formu-
las and relations. An effective engineer is able to make the device work and
the construction stand, even if some data are missing, the theory is lacking,
or the equations cannot be solved. Once a recipe is invented, tested stan-
dards are developed, and problems are solved routinely, it is rarely inter-
esting to waste time with further refinement of the model. An established
engineering practice does not change easily. In engineering, an empirical
formula today is better than a theory tomorrow.

On the other hand, scientists are looking for hidden interrelations and are
mostly interested in a general understanding of the problem. The fine de-
tails are also important but only when serving the general analysis. Finding
and measuring empirical relations is not a highly valued part of science. In
science, a good theory tomorrow is better than a wrong one today, at least
in the longer run and when one wants to avoid dead ends.

In reality, one cannot judge easily whether a scientific or an engineering
attitude is more valuable. It can be cost effective to have a better theory,
but not always. Beliefs and personal understanding are among the most
important factors that drive our knowledge and it is far from being a simple
improvement by accumulation. A nice example is the story of the theory
of porous media. One of the finest civil engineers, Karl von Terzaghi, the
father of soil mechanics, developed an understanding of wet soils (porous
media) without a theoretical knowledge of multicomponent continua. His
colleague and rival Paul Fillunger started with better fundamental knowl-
edge, developed a theory, but somehow failed to explain the facts. A piece
of the truth remained hidden for him. Von Terzaghi won their dispute and
Fillunger committed suicide together with his wife out of shame. However,
today the ideas of Fillunger are the foundation of our general understand-
ing of porous media and the concepts of von Terzaghi are a well-understood
particular case [1, 2]. Science and engineering are areas of different aims
and languages.

Non-equilibrium thermodynamics – among others – is a theory of trans-
port. The unification of several independently developed branches of sci-
ence (mechanics, chemistry, electrodynamics) is the most apparent fact that
one may hope to exploit using it. It is a theory of continua where the funda-
mental organizing principle is the Second Law, which is universally valid –
independent of the microscopic and mesoscopic details that work in the
background. Moreover, non-equilibrium thermodynamics is the theory of
engineering – mechanical, chemical, electrical, etc. – designed to deal with
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the real macroscopic world. The very theory is connected to one of the
greatest challenges of humanity: to reduce the entropy production of our
civilization.

3 Problems or challenges?

The challenging mixed scientific-engineering approach of the book causes
surprising, sometimes disturbing side effects. Real problems do not enable
the convenient separation of well tested and confirmed knowledge from
hypotheses and theoretical predictions. One may encounter open problems.
That can be a challenge for engineering, and, at the same time, also a source
of unreliability where special care and experimental check is absolutely
necessary.

The requirement of reference frame independence is one of the most
important general principles of physics but its correct formulation is a dis-
cussed question in the particular case of classical continua (see, e.g., [3]).
In the book the authors avoid most of the complications, treating only the
reference frame independence of the entropy production of fluids in the
case of mechanical equilibrium with zero viscous stress (Sections 3.2, 3.4,
5.1.1) and also when the viscous stress is not zero but the flow is special
(Sections 6.3.1, 10.1.1). This is a simple generalization of the classical
proof (see, e.g., [4]), but leads to new optimization ideas for tubular reactor
operation and design. One may think that the entropy production should
be invariant in the case of more general conditions, also when mechani-
cal equilibrium is not a requirement. This is a theoretical challenge with
possible technological consequences.

Another example is the seventh chapter, where the authors claim that
mass action kinetics is derived from non-equilibrium thermodynamics. The
subsequent treatment shows that the Guldberg–Waage equations are com-
patible with thermodynamics. This is in accordance with the classical ap-
proaches and is essential in several applications. However, mass action
kinetics is introduced by special assumptions about the nonlinearity of On-
sager coefficients. This is a nonlinear theory in the thermodynamic sense;
the Onsager coefficients are not constant. Mass action kinetics is embedded
but not part of thermodynamics. This is a hidden challenge for the theory.

Another interesting example is the introduction of chemical viscosity in
the sixth chapter. This is a well-known and justified theoretical possibility
[4]; it is only mentioned here and not used later in the book. Could this
quantity be measured? Under what conditions could it become important?

Brought to you by | Universitetsbiblioteket I Trondheim NTNU Universitetsbiblioteket
Authenticated | 172.16.1.226

Download Date | 8/15/12 9:06 AM



Book Review 203

These are probably the most evident examples of challenging statements
for a theoretician. One may also interpret them as problems, something
that is not completely clarified and tested. There are more examples of this
kind in the book.

Finally, I should mention that there are several misprints and typos that
make the reading harder. There are also concepts emerging out of the blue
(e.g., the whole optimization theory) and sometimes the material could
have been better organized (e.g., Chapter 7). Therefore the book is not
flawless at all.

4 Recommendation

Considering the need for and use of scientific approaches to engineering
there are painfully few books like this one. The book introduces the gen-
eral theory in simplified form, calls our attention to the advantages of the
general approach and also to the problems of oversimplified models, and
develops the particular details in several examples. A characteristic of the
book is the practical, experimental attitude pushing the calculations toward
comparable numbers. The book introduces challenging concepts for en-
gineers and at the same time puts forward practice motivated problematic
issues of the theory. It is a good starting point rebuilding some parts of the
engineering practice. I recommend the book to students who are interested
in transport phenomena, inventive engineers of this field, and scientists who
are not afraid to face real-life problems.
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